of RA on the different stages of atherosclerosis, such as endothelial dysfunction, arterial wall hypertrophy and plaque formation [6] .
It was demonstrated that excessive visceral adiposity participates in the pathogenesis of CVD [7] . RA patients are more prone to accumulate visceral adipose tissue than controls of similar body mass index (BMI) [8] . Epicardial adipose tissue (EAT) strongly correlates with general visceral adiposity [9] and has recently emerged as an index of cardiometabolic risk [10] . In non-RA patients, EAT has been independently associated with coronary artery disease [11] , increased carotid intima-media thickness (cIMT) [12] and arterial stiffness (AS) [13] . Very few studies have evaluated EAT in RA. Although magnetic resonance imaging (MRI) represents the gold standard imaging technique to quantify total EAT, the echocardiographic measurement of EAT thickness is an easy-to-use, non-invasive and reliable evaluation, which correlates with the MRI findings [14] .
The ultrasonographic measurements of cIMT and plaque assess subclinical atherosclerosis and represent the most widely used non-invasive imaging tool to determine CVD risk [15] . Increased values of cIMT and plaque presence predict future ischemic cardiac events and stroke in large population-based studies [16] . In RA, a recent meta-analysis reported thicker cIMT and faster plaque progression compared to healthy controls [17] .
Increased AS represents an early marker of arteriosclerosis [18] and may serve as a screening method for the detection of pre-clinical cardiovascular disease [19] . Assessment of the mechanical properties of large arteries has become of great interest, as studies have shown that these parameters improve the prediction for future CV events in non-RA populations [20] . Chronic inflammation may play a key role in the early vascular aging in patients with inflammatory disorders [21] . Aortic pulse wave velocity (aPWV) is a simple, non-invasive measure of vascular compliance and a validated surrogate marker for AS. Along with cIMT and carotid plaque assessment, aPWV was predictive of CV events in a cohort of RA patients [22] .
To the best of our knowledge, no study has to date addressed the relationship between EAT and AS in RA populations. Therefore, we designed the present study to evaluate and compare these two parameters, along with other CVD risk factors in patients with RA.
Material and methods

Study population
This cross-sectional study included 84 consecutive RA patients who fulfilled the 2010 American College of Rheumatology (ACR)/European League against Rheu-matism (EULAR) classification criteria [23] . The exclusion criteria were any history of atherosclerotic CV disease (including coronary heart disease, stroke and peripheral arterial disease), heart failure, atrial fibrillation, moderate to severe valvular disease, diabetes mellitus, acute or chronic renal failure, malignancy and any active infectious disease. The study protocol was approved by the local Ethics Committee and all subjects provided their informed consent.
Clinical evaluation
We recorded demographic characteristics such as age, disease duration, smoking status, associated diseases, current medication and performed a detailed clinical assessment. Metabolic syndrome was defined according to the International Diabetes Federation criteria [24] . Hypertension was diagnosed based on values equal to or greater than 140 mmHg for the systolic pressure and/ or 90 mmHg for the diastolic pressure or current antihypertensive therapy [25] . Disease activity was calculated based on Disease Activity Score-28 using C-reactive protein (DAS28-CRP) [26] .
Laboratory measurements Blood samples were withdrawn from the antecubital vein after a 12 hours fasting period. Biochemical parameters, including complete blood count, lipid profile, glucose, erythrocyte sedimentation rate (ESR) were measured by standard methods (Cobas Mira Plus analyzer, Hoffman La Roche, Switzerland) on the same day. CRP and IgM rheumatoid factor (RF, negative <32 UI/ml) were quantified by automated turbidimetry, whereas anti-cyclic citrullinated peptide antibodies (anti-CCP, negative <5 UI/ml) by enzyme-linked immunosorbent assay (ELISA).
Baseline echocardiography and epicardial adipose tissue measurements
The echocardiographic examinations were performed using a General Electric-Logiq S7 machine, with a 3.5 MHz transducer by an experienced cardiac investigator (more than 15 years of experience). All RA patients were examined in left lateral decubitus by two-dimensional echocardiography, M-mode and Doppler imaging. The sizes of cardiac cavities and wall thicknesses were determined individually. EAT was identified as the echo-free area between the outer wall of the myocardium and the visceral layer of the pericardium. EAT thickness was measured in parasternal long-axis view on the free wall of the right ventricle, perpendicularly to the aortic annulus. The measurements were performed at end-diastole in three cardiac cycles, using the average for statistical analysis.
Carotid ultrasound measurements Carotid arteries were examined bilaterally with the same machine and by the same investigator as echocardiography, using high-resolution 12 MHz linear-array transducer. cIMT was measured longitudinally using B-mode ultrasonography with the image focused on the posterior (far) wall. We reported the mean values of three measurements taken 10 mm proximally to the bifurcation on each side. Pathological cIMT corresponded to values from 0.9 to 1.5 mm and plaque presence was defined as any focal echogenic structure of at least 0.5 mm or 50% of the surrounding vessel wall or demonstrated a thickness ≥1.5 mm that protrudes into the lumen [27] .
Reproducibility for EAT and cIMT was assessed in 12 subjects who were examined by the same observer twice, one week apart, with a coefficient of intra-observer variation of 6% and 5.7%, respectively.
Arterial stiffness assessment Parameters of AS were assessed non-invasively using a clinically validated oscillometric device (Arteriograph, TensioMed, Budapest, Hungary) [28, 29] by an investigator with 10 years of experience. All measurements were performed in a quiet, temperature-controlled environment. Patients refrained from food and drink for 12 hours prior to the study and were examined after resting supine for at least 15 minutes. Values of aPWV (m/s), central and brachial augmentation indexes (%) and other hemodynamic parameters were determined automatically with the integrated software, including only the mean value of the best assessment (with a standard deviation of less than 1.0 for aPWV).
Statistical Analysis
Statistical analysis was performed using the Med-Calc Statistical Software version 18.11.3 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc. org; 2019). Comparisons between groups were performed using the Mann-Whitney or the chi-square test, whenever appropriate. Correlations between qualitative variables were tested using Spearman's rho correlation coefficient. The area under the receiver operating characteristics (AUROC) curves was used for determining the cut-off values for several variables regarding the association with increased aPWV. For cut-offs we calculated the sensitivity (Se), specificity (Sp) and their confidence interval (CI95%). Multivariate analysis was performed using logistic regression. Regression coefficients, odds ratio (OR) and CI95% were reported. A p value <0.05 was considered statistically significant.
Results
Demographic and clinical findings of the study population are presented in Table I and echocardiographic and  vascular measurements are displayed in Table II. All three parameters (EAT, cIMT and aPWV) were significantly positively correlated with each other. Fur-thermore, statistically significant correlations were observed between these parameters and age, BMI, waist circumference (WC) and CRP. However, the correlation between aPWV and BMI was weak and did not reach statistical significance (r=0.210, p=0.054). Additionally, aPWV was correlated with disease duration (r=0.210, p=0.054). No significant correlations were found between EAT, cIMT, aPWV and markers of inflammation (ESR, CRP) or dyslipidemia (LDL-C) (Table III) .
We explored the relationship between several variables and aPWV, using a cut-off value of 10 m/s between normal and increased aPWV [25] . Patients with increased aPWV had significantly higher BMI, WC, TG, hypertension and EAT, and at the threshold of statistical significance CRP, as shown in Table IV . We calculated cut-offs for several continuous variables for the association with increased aPWV. For CRP we found a cut-off value >4 mg/L (AUC 0.648 (CI95% 0.536-0.749) to have Se 83.33% (CI95% 58. 6-96.4) and Sp 56.06% (CI95% 43.3-68.3). For EAT the calculated cut-off value was >0.21 mm (AUC 0.729 (CI95% 0.620-0.820); Se 88.89% (CI95% 65.3-98.6), Sp 56.06% (CI95% 43.3-68.3). We constructed several predictive models for increased aPWV using logistic regression and including the variables which achieved statistical significance in the univariate analysis. In the multivariate regression analysis, only hypertension, increased CRP and EAT were found to be independent predictors for increased aPWV (Table V) .
Discussions
The main result of the study was the identification of EAT as an independent predictor of increased AS. We also showed that EAT, cIMT and aPWV were positively correlated with each other in patients with RA. To the best of our knowledge, no other study has assessed these parameters altogether in this group of patients.
EAT, an important component of the visceral adipose tissue, surrounds and shares the same microcirculation with the coronary arteries, acting as a metabolically active organ which expresses various pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α, interleukin (IL)-6 and resistin, all with vasculopathic effects [30] . Patients with established RA present a peculiar pattern of fat distribution, with loss of muscle tissue and normal subcutaneous fat mass but significant visceral fat gain, resulting in little or no change in BMI, the socalled "cachectic obesity" [31] . Thus, in patients with chronic inflammatory diseases, EAT measurement could provide the most accurate and conclusive data regarding the degree of obesity and subsequent CV risk. However, very few studies have evaluated EAT in RA patients. Transthoracic echocardiographic assessment of EAT represents a simple, non-invasive, reproducible and readily available imaging technique. In a study by Iacobellis et al, echocardiographic EAT thickness showed good ultrasonographic concordance with MRI measurements and was the strongest independent variable correlated with abdominal visceral adipose tissue [14] .
In agreement with other reports from the general population, we found that in RA patients EAT strongly correlates with age and other markers of obesity, such as BMI and WC [32, 33] . Ormseth et al confirmed these anthropomorphic findings in a study performed on 162 RA patients, where EAT was measured by noncontrast cardiac computed tomography (CT) [34] . Similarly, they found no significant associations between EAT and inflammatory markers or DAS-28 CRP score. However, EAT thickness in RA patients was reported in two other studies to be independently associated with the DAS-28 CRP score [35] , CRP and ESR, respectively [36] . Larger prospective studies are required to clarify the exact link between EAT and inflammation.
AS is one of the earliest detectable alterations of the vascular walls and an independent predictor of future CV events and all-cause mortality [37] . A meta-analysis based on 25 studies showed that a more severe inflammatory status impacts on AS measured by aPWV, augmentation index (Aix), and augmentation index normalized for a heart rate of 75 beats per minute (AIx@75) and that RA patients associated an increased AS compared with controls [38] .
In bivariate analysis we found that aPWV correlated with age, disease duration, WC and BMI. In line with these findings, a recent study reported that each year of disease contributes to a higher rate of vascular aging than a year of life without RA [39] . On the contrary, Beyazal et al found no impact of disease duration on vascular function [40] . Caraba et al reported significant associations between low serum levels of vitamin D and disease activity, increased insulin resistance, and endothelial dysfunction (assessed by flow-mediated vasodilation, on brachial artery, using B-mode ultrasonography) in early RA patients with moderate and high disease activity [41] . The relation between EAT and AS has been addressed in studies performed both in the general population, as well as in subgroups of patients with hypertension, cardiovascular disease, post-menopausal women or nonalcoholic fatty liver disease [13, [42] [43] [44] , all reporting significant correlation. Choi et al evaluated EAT volume and coronary artery calcium (CAC) score and their relationship with AS by cardiac CT [45] . Interestingly, they reported EAT to be an independent predictor of increased PWV even in patients without CAC, suggesting an early systemic interplay between visceral adipose tissue and vascular stiffness, prior to any atherosclerotic changes in coronary vessels.
In our study, the association between AS and EAT was stronger than with other markers of obesity such as WC and BMI. EAT also showed a significant positive correlation with cIMT. Each of the two easily-applicable parameters, EAT ultrasound measurement and aPWV, may be taken into consideration and included into a novel CVD risk assessment tool (along with cIMT), after validation in broad study populations. Future research may evaluate a possible cause-effect relationship between these two parameters and identify inflammatory mediators involved in both EAT and AS.
A study performed on 107 untreated hypertensive patients reported that EAT was an independent factor for adverse changes in cIMT, flow-mediated dilatation (FMD) of the brachial artery and PWV [46] . Temiz et al provided further evidence that EAT correlated with cIMT and FMD in RA patients and suggested that EAT could serve as a surrogate marker for estimating the extent of vascular involvement [36] . However, AS may represent a more accurate marker of disease burden over time than FMD, as recent evidence indicated [47] .
In rheumatic diseases, cIMT and plaque assessment by ultrasonography are the most widely used imaging markers of subclinical atherosclerosis and subsequent CVD risk. Screening for asymptomatic atherosclerotic plaques represent the only imagistic technique included in the EULAR recommendations for CVD risk evaluation in RA patients [48] . This simple, readily available ultrasound method was shown to reclassify RA patients into a more appropriate CVD risk group [49] .
Although mean cIMT thickness did not exceed the pathological value of 0.9 mm, plaque presence was relatively high in our study population (25.9%). cIMT showed significant positive correlations with age and obesity markers, such as EAT (strongest correlation), BMI and WC. No correlation could be established with CRP, ESR, DAS-28 CRP, nor with the lipid profile, similar to other studies [40] .
The present study has several limitations. Due to its cross-sectional design without a control group for comparison, no cause-effect relations can be drawn from our study. The fact that cardiac and carotid measurements were performed by a single investigator may also be considered a limitation. However, the intra-observer coefficients of variation in our study suggest good quality of measured data. Moreover, we determined EAT only by means of echography and did not compare it with other imaging techniques, such as CT or MRI. However, it has been shown that echocardiographic determination of EAT, which is an easy and non-invasive technique, is comparable to MRI measurements of EAT [9] . Another limitation was not assessing proinflammatory cytokines, supposed to be involved in the arterial walls alterations induced by increased EAT as described in the literature [30] .
Conclusions
The present study demonstrates that increased AS is independently associated with EAT in RA patients. EAT a marker of visceral adiposity may be an important determinant of arteriosclerosis in RA and may thus contribute to the increased cardiovascular risk associated with this inflammatory disease.
